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isuse and abuse of prescription opioids in the United States constitute a public health crisis that has grown to epidemic proportions over the last decade. The Centers for Disease Control and Prevention (CDC) has identified prescription drug abuse and overdose as one of the top five health threats for 2014. 1 It is imperative that pharmacists across the health system have a complete understanding of this epidemic. This article reviews the role of opioids in pain management, the epidemiology of opioid misuse and abuse, the clinical toxicology of these medications, and the role of laboratory analyses in monitoring opioid therapy, as well as legal issues surrounding opioid distribution and therapy, the use of prescription drug monitoring programs to combat opioid abuse and misuse, and implications for medication-use policy in hospitals and health systems.
Opioid use in pain management
The term opium refers to a mixture of alkaloids from the poppy Purpose. The current epidemic of prescription opioid abuse and misuse in the United States is discussed, with an emphasis on the pharmacist's role in ensuring safe and effective opioid use. Summary. U.S. sales of prescription opioids increased fourfold from 1999 to 2010, with an alarming rise in deaths and emergency department visits associated with the use of fentanyl, hydrocodone, oxycodone, and other opioid medications. Signs and symptoms of opioid toxicity may include altered mental status, hypoventilation, decreased bowel motility, central nervous system and respiratory depression, peripheral vasodilation, pulmonary edema, hypotension, bradycardia, and seizures. In patients receiving long-term opioid therapy for chronic pain, urine drug testing is an important tool for monitoring and assessment of therapy; knowledge of opioid metabolic pathways and assay limitations is essential for appropriate use and interpretation of screening and confirmatory tests. In recent years, there has been an increase in federal enforcement actions against pharmacies and prescription drug wholesalers involved in improper opioid distribution, as well as increased reliance on state-level prescription drug monitoring programs to track patterns of opioid use and improper sales. Pharmacies are urged to implement or promote appropriate guidelines on opioid therapy, including the use of pain management agreement plans; policies to ensure adequate oversight of opioid prescribing, dispensing, and waste disposal; and educational initiatives targeting patients as well as hospital and pharmacy staff. Conclusion. Pharmacists in hospitals and health systems can play a key role in recognizing the various forms of opioid toxicity and in preventing inappropriate prescribing and diversion of opioids. Am J Health-Syst Pharm. 2014; 71:1539-54 seed, and the term opiates refers to naturally occurring alkaloids (e.g., morphine, codeine). The term opioid refers to all compounds that bind to opioid receptors. 2 Opioids have been used for thousands of years for the treatment of moderate-to-severe acute and chronic pain. In 1806,
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Opioids provide their pharmacologic effects by binding to opioid receptors located both within and outside of the central nervous system. 2 Depending on which receptors they bind to and their level of intrinsic activity, opioids are classified as full or partial agonists, mixed agonistantagonists, or opioid antagonists. The primary opioid receptor is the m receptor. The m receptor is responsible for supraspinal analgesia, respiratory depression, euphoria, sedation, decreased gastrointestinal motility, pruritus, anorexia, sedation, and physical dependence. The k receptor, another opioid receptor, is responsible for spinal analgesia, dyspnea, opioid dependence, sedation, respiratory depression, and dysphoria. The s receptor is responsible for dysphoria, psychotomimetic effects, and stress-induced depression. The role of the d-opioid receptor has not been well studied. 2 Opioids are used routinely to treat both acute and chronic cancer pain and noncancer pain. Numerous clinical guidelines have been published over the past 20 years to guide practitioners in the appropriate use of opioids to treat moderate-to-severe pain. [3] [4] [5] [6] [7] The management of acute and chronic pain is generally best accomplished through a multimodal approach that includes nonpharmacologic interventions, as well as nonopioid analgesics (e.g., acetaminophen, nonsteroidal antiinflammatory drugs [NSAIDs] ), opioids, and coanalgesics (e.g., anticonvulsants, antidepressants, skeletal muscle relaxants, topical or oral anesthetics). 6 Appendix A lists the American Pain Society recommendations for considerations when selecting analgesics to treat acute or chronic pain.
Opioid therapy for acute pain
One potential strategy to reduce postoperative pain is the use of preemptive analgesics. However, there is limited evidence that demonstrates major clinical benefits (e.g., consistent immediate postoperative pain relief, reduced need for supplemental analgesia) after the use of preemptive analgesics. [8] [9] [10] [11] [12] Despite these findings, it is clear that optimal postoperative pain management begins preoperatively, continues through the perioperative period, and is sustained through the postoperative period as indicated clinically. One useful strategy is the use of a multimodal approach. 13, 14 Opioids are used to treat acute pain when the pain cannot be managed with nonopioid therapy alone. For example, the acute pain after a dental procedure may be primarily controlled with the use of nonopioids such as an NSAID, possibly supplemented with an oral opioid as needed. Alternatively, a patient who has had major surgery will likely require parenteral opioid therapy for several days, potentially supplemented with nonopioid analgesics or coanalgesics. While morphine, hydromorphone, and fentanyl are the most frequently used parenteral opioids for acute pain, the selection of a specific opioid for a given patient must be individualized. It is imperative that the clinician obtain a pain medication history that captures previous opioid therapy and adverse reactions. For example, a patient may report that morphine causes significant itching whereas hydromorphone does not. Genetic polymorphisms may explain the interpatient variability often seen with opioid dosing. In 2013 the Food and Drug Administration (FDA) added a boxed warning to the drug label of codeine-containing products regarding overdose deaths experienced by children after tonsillectomy or adenoidectomy. 15, 16 Children from certain ethnic groups are ultrarapid metabolizers of codeine, which can lead to higher-than-expected serum concentrations of morphine and a risk of death.
When opioids are part of the acute pain management regimen, they may be administered by the oral, parenteral, and neuraxial routes. Research dating back almost 50 years demonstrated that small i.v. doses of morphine administered on an as-needed basis for acute pain are superior to scheduled dosing. 17, 18 The use of patient-controlled analgesia is a standard intervention used in contemporary pain management for the treatment of acute pain. Increasingly, neuraxial opioid administration is part of an effective multimodal acute pain management plan. 19 When determining the dose of an opioid for acute pain, it is critically important for clinicians to take into account whether the patient is opioid naive or opioid tolerant. Opioidtolerant patients are those who have been taking regularly scheduled prescribed opioids or have a history of substance abuse related to illicit use of prescription opioids, illicit drug use, or participation in an opioid maintenance program. To avoid underdosing the patient with acute pain and possibly precipitating opioid withdrawal, this opioid tolerance must be taken into consideration. One possible strategy is to continue a previously used opioid while treating the acute pain separately; another involves calculating a larger opioid dose to treat the acute pain that incorporates an equianalgesic dose of the previous opioid. 20, 21 Another important skill for practitioners is the ability to safely and accurately calculate equianalgesic opioid doses when converting a patient from one opioid to another or from one route of administration or dosage formulation to another. 22 A commonly seen error occurs when postoperative patients are switched from an effective dosage of parenteral hydromorphone (e.g., 1 mg i.v. every four hours) to a nonequivalent and ineffective oral opioid (e.g., oral oxycodone 5 mg every four hours). This could result in pain relief failure as well as a loss of trust in the health care team by the patient and assumptions by providers that the patient is exhibiting drug-seeking behavior when the patient is actually demonstrating appropriate pain reliefseeking behavior.
Opioids to treat chronic pain
Chronic pain management strategies are often viewed differently by practitioners depending on whether it is chronic cancer pain or noncancer pain, although the same analgesics are used to treat both. Both nonpharmacologic and pharmacologic strategies are used to treat chronic cancer pain and noncancer pain in a multimodal strategy. The prevalence of pain in cancer patients and persistent pain in cancer survivors is high, and opioids are frequently part of the treatment strategy. Researchers who conducted a recent systematic review of observational studies on the effectiveness of opioid therapy for cancer pain assigned a strong recommendation to the use of these agents to treat cancer-related pain. 23 The use of opioids in the management of acute pain and chronic cancer pain is more widely accepted than their use in treating chronic noncancer pain. There are many reasons to explain this finding. The available evidence that opioids conclusively reduce pain severity and increase function (e.g., activities of daily living) in patients with chronic noncancer pain is not convincing. A review by Trescot and colleagues 24 concluded that there was weak evidence of the long-term (i.e., six months or longer) effectiveness of morphine and transdermal fentanyl in reducing pain and improving function. This review found no evidence of effectiveness of other opioids. Long-term opioid therapy may be associated with tolerance, opioidinduced hyperalgesia, physical and psychological dependence, persistent adverse effects, a lower quality of life, higher rates of depression, and increased healthcare utilization. 25 
Role of the urine drug test
Published practice guidelines for opioid therapy for noncancer pain from governmental agencies and professional organizations (Appendix B) recommend using urine drug testing as part of the initial patient evaluation, the treatment plan agreement, and monitoring and assessment of therapy. 26, 27 The urine drug test supplements tools such as patient self-reporting and behavioral monitoring, identifies noncompliance with the prescribed medications, and detects the use of alcohol, undisclosed medications, and illicit drugs.
The advantage of urine drug tests is that there are well-established analytical methods and extensive experience in result interpretation 28 ; the disadvantages include specimen collection and the potential for tampering and adulteration. Oral fluid testing, or saliva testing, is gaining in popularity and has an advantage over urinalysis in that it entails a simple and noninvasive specimen collection process. Oral fluid testing, however, faces technical challenges with regard to both screening and confirmation methodologies. 29 The urine drug test menu, whether performed inhouse or by a reference laboratory, should test for commonly prescribed opioids and the typical illicit drug groups ( Table 1) . The urine drug test is performed in most clinical settings by immunoassays, which, if positive, may lead to confirmation testing.
Proper utilization of immunoassaybased urine drug testing and correct interpretation of results must take into consideration the limitations of immunoassays.
Most immunoassays, such as those for the amphetamines, benzodiazepines, and opioids, are class assays; they detect not one target drug but a family of related compounds. 28, 30 For example, the opiates immunoassays detect morphine (the target analyte) and codeine and also the related opioids with a phenanthrene ring, such as hydromorphone, hydrocodone, dihydrocodeine, and oxycodone, with varying sensitivities; these opioids, when present singly or in combination, can also produce a positive immunoassay result. Thus, an immunoassay cannot be used to monitor a patient using a prescribed opioid for possible abuse of another (i.e., nonprescribed) opioid.
Immunoreactivity assays for a drug determine the assay sensitivity for that drug. 28 For example, the opiates assay is less reactive to hydromorphone than to morphine and thus requires that a comparatively higher hydromorphone concentration be present for a positive result. Therefore, a patient may test negative for the prescribed opioid due to lower assay sensitivity, especially if the drug is taken in low doses, which can result in urine drug concentrations that fall below the assay cutoff; this is a "clinical" false-negative result and does not necessarily indicate nonadherence. 30, 31 In this case, an alternative (and more sensitive and specific) assay should be able to detect the specific opioid. For example, oxycodone is poorly detected by the opiates assay, and the nonopiate opioids buprenorphine, fentanyl, and methadone are not detected by the opiates assay at all. Detection of these drugs requires analyte-specific (i.e., drug-specific) immunoassays.
Most clinical laboratories perform confirmation testing using mass spectrometry (MS) assays such as liquid chromatography-mass spectrometry (LC/MS). The MS assays offer specific identification of drugs and metabolites and quantitative measurement at low concentrations, thus allowing interpretation of cases involving the presence of minor opioid metabolites or pharmaceutical impurities. 30 MS, however, is costly and technologically challenging, and its deployment is limited to large laboratories.
Correct interpretation of urine drug test results requires knowledge of the limitations of the assay meth-Am J Health-Syst Pharm-Vol 71 odology. Moreover, there should not be unrealistic expectations of what information can be obtained from the urine drug test. For example, the urine drug concentration cannot be extrapolated reliably to gauge the serum drug concentration, nor can it be used to infer patient adherence with the prescribed dosage regimen.
When interpreting an unexpected negative urine drug test, nonadherence may not be the only explanation. Besides the reasons mentioned previously, other possible explanations include dilution or substitution of the urine sample; genetic polymorphism in enzymes and transporters involved in opioid metabolism and transport (e.g., cytochrome P-450 enzymes, uridyl glucuronide transferase, P-glycoprotein), which can result in lower drug concentrations; and altered pharmacokinetics due to disorders involving reduced gastrointestinal absorption (e.g., diarrhea, short-gut syndrome), concurrent medications, or diet. 32 An unexpected positive result suggests the patient may have taken undisclosed medications or illicit drugs. Other explanations, however, must also be considered. For example, the unexpected opioid may be present as a minor metabolite of the prescribed opioid and not as a result of abuse of the unexpected (nonprescribed) opioid. For example, hydromorphone is a prescription opioid but also a minor Am J Health-Syst Pharm-Vol 71 metabolite of morphine 33 ( Figure 1 ). Knowing the metabolic pathway and the relative concentrations of both morphine and hydromorphone may help to distinguish between the two scenarios. 33 An alternative explanation for an unexpected positive urine test result is that high-sensitivity MS assays can detect opioids at very low concentrations, and some opioids are impurities created during pharmaceutical manufacturing processes; specifically, hydrocodone and codeine are impurities in pharmaceutical preparations of oxycodone and morphine, respectively. 34, 35 A very low ratio (<1%) of the unexpected opioid (e.g., hydrocodone) to the prescribed opiate (e.g., oxycodone) suggests that the unexpected opioid is present as a manufacturing impurity. 34 The urine drug test is a useful laboratory test for the management of patients on chronic opioid therapy. Consultation with a clinical laboratory professional can help to maximize the clinical efficacy of the urine drug test.
Epidemiology of opioid misuse and abuse
Reports from CDC, the Drug Abuse Warning Network (DAWN), and the National Poison Data System have demonstrated an alarming increase in opioid misuse and abuse over the last two decades. 1, [36] [37] [38] [39] [40] [41] Poisoning deaths in the United States nearly doubled from 1999 to 2006, from 20,000 to 37,000. This was due largely to deaths from prescription opioid analgesics, with methadone, oxycodone, and hydrocodone most frequently implicated. This increase in deaths coincided with a nearly fourfold increase in the use of prescription opioids nationally. 36 A review of data on individuals with adverse drug events who were treated in emergency departments from January 1, 2004, through December 31, 2005, found that central nervous system agents constituted the most frequently implicated therapeutic category (21.4% of cases); within that category, opioid-containing analgesics were the most frequently implicated medication class, accounting for an estimated 1,167 (24.8%) of the evaluated cases. 37 Sales of prescription opioids in 2010 were four times those in 1999. Overdose deaths involving opioid medications now exceed deaths involving heroin and cocaine combined. In 2010 alone, 16,500 people died from analgesic-related overdoses, the majority of which involved opioids. 38 Deaths from opioid analgesics have been reported across the United States, in all age groups, and specific opioids such as hydrocodone, methadone, morphine, and oxycodone have been implicated. In 2008, overdose death rates ranged from 5.5 per 100,000 population in Nebraska to 27.0 per 100,000 in New Mexico. 39 The prevalence of nonmedical use of opioids in 2008-09 ranged from 3.6% in Nebraska to 8.1% in Oklahoma. Rates of prescription opioid sales in 2008 ranged from 3.7 kg per 10,000 population in Illinois to 12.6 kg per 10,000 in Florida, with the highest sales rates reported in the Southeast and the Northwest.
In a review of 295 unintentional pharmaceutical overdose deaths in West Virginia, opioids were implicated in 93% of cases. 40 However, 44% of the decedents had not been prescribed an opioid. Ninety percent of the decedents were men ranging in age from 18 to 70 years, with a mean age of 39 years. Sixtythree percent of the deaths were associated with pharmaceutical diversion, and 21% involved evidence of doctor shopping. The 35-to 44-years age range was associated with a notably higher rate of doctor shopping. Substance abuse indicators were identified in 95% of the decedents, and having prescriptions for five or more controlled substances was more common in women (30.9%) than in men (16.7%). 40 DAWN also collects important data that provide insights into recent national trends in drug-related mor- 41 The number of visits related to opioid analgesics increased by 111% (from 144,600 to 305,900 visits) in the same time period. Visit rates increased across the five years for fentanyl, hydrocodone, hydromorphone, methadone, morphine, and oxycodone; for oxycodone, estimated annual emergency department visits increased from 41,700 to 105,200. 38 In Florida, from 2003 through 2009, the death rate due to prescription drugs increased by 84.2%, from 7.3 to 13.4 per 100,000 people. 41 The greatest increases in rates were observed with oxycodone (264.6%), alprazolam (233.8%), and methadone (79.2%). Figure 2 compares Florida overdose trends for opioids as a group and for hydrocodone, methadone, morphine, and oxycodone specifically.
Clinical toxicology
While all opioids have some degree of affinity for the m-, d-, and k-opioid receptors, the m-opioid receptor is responsible for the majority of the adverse effects associated with opioid misuse, abuse, and overdose. 43 The classical elements of the opioid toxidrome include altered mental status, hypoventilation, decreased bowel motility, and miosis. Contrary to conventional wisdom, miosis is not a universal finding in opioidtoxic patients and neither its presence nor absence is pathognomonic of opioid toxicity or the lack thereof. For example, hypoxic patients and those who coingest anticholinergic agents may exhibit mydriasis. Other findings may include peripheral vasodilation, pulmonary edema, hypotension, bradycardia, chest wall rigidity, and myoclonus (with fentanyl) and seizures (with meperidine). [42] [43] [44] Opioids induce a delay in gastric emptying and may increase the risk of vomiting and pulmonary aspiration that can complicate respiratory depression. 45 Respiratory depression, modulated by the effects of opioids on medullary chemoreceptors' ability to detect hypercapnia, and the consequential reduced respiratory rate are diagnostic of opioid toxicity; a respiratory rate of less than 12 breaths per minute is characteristic. 46 Each opioid has unique pharmacokinetic and pharmacodynamic properties that determine the extent and duration of toxicity and affect treatment decisions, and these differences must be considered when evaluating the patient with opioid toxicity.
While not yet applicable clinically, human genomics is linked to the magnitude of toxicity for some drugs, and, as mentioned previously, at least one opioid receptor polymorphism has been identified and may have diagnostic and treatment implications in the future. 47 
Characteristics of selected opioids
Buprenorphine. Buprenorphine is a potent semisynthetic opioid with partial agonist activity at the m receptor. Its primary indication is treatment of opioid addiction since it has an extraordinarily high affinity for the m receptor and the ability to prevent binding of other opioids. Buprenorphine formulations for opioid maintenance therapy are sublingual tablets and a sublingual film that are coformulated with naloxone, which serves as a deterrent to the i.v. abuse of buprenorphine. Unlike methadone, whose use requires the individual to obtain a daily dose at a methadone clinic, buprenorphine is dispensed through licensed officebased practices, and multiple doses can be dispensed. 48, 49 Consequently, unintentional exposures to buprenorphine are now commonplace in the pediatric population and may be associated with significant morbidity. [48] [49] [50] [51] Due to the long halflife of buprenorphine, children who may have been exposed to a single dose should be hospitalized for 24 hours and even longer if the use of naloxone was necessary to reverse the associated central nervous system and respiratory depression. 50 The high affinity of buprenorphine for the m receptor may necessitate doses of naloxone that exceed customary doses in both children and adults or the use of a naloxone infusion. 52 Buprenorphine has minimal bioavailability, and since most pediatric exposures involve the sublingual route, the use of activated charcoal is unnecessary unless there are coingestants that dictate its use.
Fentanyl. Fentanyl is a pure synthetic opioid agonist of high potency (80-100 times that of morphine) with a short duration of action. 53 It is a m-opioid receptor agonist indicated for the treatment of chronic pain, with delivery achieved via transdermal patches, nasal spray, and transmucosal products. Intravenous fentanyl is used in the perioperative setting, postoperatively for pain management, and as a sedative in the emergency department and critical care settings, and it is associated with notable morbidity and mortality when abused or when prescribed inappropriately to opioid-naive individuals. Fentanyl patch ingestion for abuse purposes is common; unused or spent patches contain fentanyl in a matrix or reservoir that becomes bioavailable when ingested. [54] [55] [56] [57] [58] Additionally, the inappropriate use of fentanyl patches on compromised skin (e.g., sunburned skin) or with external heat sources such as heating pads and blankets, saunas, and hot tubs increases transdermal absorption and may result in fentanyl toxicity. 59 Fentanyl toxicity is characterized by the classical opioid toxidrome along with sustained central nervous system and respiratory depression. Unlike the parenteral therapeutic use of fentanyl, the ingestion of patches is associated with an extremely long duration of action that may necessitate the prolonged use of naloxone.
Hydrocodone. The fixed combination of hydrocodone and acet-Am J Health-Syst Pharm-Vol 71 aminophen is the most commonly prescribed generic medication in the United States. 60 Given the prominent presence of hydrocodone-containing products in U.S. homes, children are at a pronounced risk of being exposed to hydrocodone. Hydrocodone has considerable abuse potential and is associated with substantial morbidity and mortality. 61 As with other opioids, hydrocodone has considerable affinity for m receptors and its toxic effects are consistent with the classical opioid toxidrome. Hydrocodone has been approved for manufacture in a single-entity extended-release form as a Schedule II product, but currently it is always combined with acetaminophen as an oral analgesic product. 62 Therefore, overdoses of hydrocodone-containing analgesics are also complicated by the presence of acetaminophen and are one of the leading causes of acetaminophen-related fatalities due to hepatic necrosis. 63, 64 Consequently, when an exposure to a hydrocodonecontaining product is suspected, serum acetaminophen and salicylate concentrations should be obtained. Hydrocodone is also available with ibuprofen as a combination product. The treatment of an overdose may include the use of activated charcoal to prevent drug absorption, naloxone to reverse the effects of hydrocodone, and acetylcysteine to treat acetaminophen toxicity. If the patient develops salicylate toxicity from a combination hydrocodone-aspirin product, appropriate supportive care (e.g., airway protection and ventilatory support, sodium bicarbonate to reverse acidemia, sedatives, anticonvulsants) and interventions (e.g., hemodialysis) must be initiated to prevent possibly lifethreatening salicylate toxicity.
Methadone. The use of methadone, a synthetic m agonist, has evolved beyond its traditional role in helping to prevent opioid withdrawal in patients enrolled in methadone maintenance programs. Methadone is now also used in the management of severe pain in patients with cancer or non-cancer-related chronic pain. Methadone's long half-life of approximately 24 hours (range, 8-59 hours) makes it suitable for once-daily dosing and ideal for the prevention of opioid withdrawal 65 ; that characteristic is also one of its major toxicological drawbacks, since methadone toxicity, especially a decreased level of consciousness and respiratory depression, may be prolonged considerably. Therefore, a naloxone infusion is often necessary to prevent the recurrence of respiratory depression. 66 Opioid-addicted individuals who rely on or abuse methadone often use multiple pharmaceuticals that produce synergistic toxicity and increased morbidity and mortality. [67] [68] [69] This is especially true when methadone users take benzodiazepines concurrently. [68] [69] [70] Methadone, like all opioids, may cause airway musculature relaxation and resultant airway obstruction and sleep apnea. Benzodiazepines contribute to death by exacerbating the adverse effects of methadone. Researchers who evaluated 1193 opioid overdoses that occurred in one Australian state over a 10-year period reported that nearly 63.7% of methadone-related fatalities (n = 193) were complicated by the concurrent presence (and likely the abuse) of benzodiazepines. 68 Another often overlooked adverse event that is associated with both methadone maintenance use and overdose is Q-T interval prolongation, which increases the risk of developing ventricular dysrhythmias, including torsades de pointes. [70] [71] [72] [73] Oxycodone. Oxycodone is a potent semisynthetic opioid and, like other potent opioids, has a high affinity for the m receptors. It has been used commonly in combination with both aspirin and acetaminophen. However, when oxycodone was introduced in 1995 as a single-entity sustained-release preparation, its use became widespread and its abuse became epidemic. 74 Abusers ingested, injected, and nasally insufflated the product, since crushing and snorting the drug resulted in its rapid release and high blood concentrations. The sustained-release product has been reformulated to reduce the abuse potential. 75 Similar to methadone, oxycodone is often abused concurrently with benzodiazepines such as alprazolam and other psychoactive drugs that enhance toxicity. 76, 77 Especially in overdose, oxycodone is associated with an increased risk of Q-T interval prolongation.
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Diagnosis and treatment
Respiratory depression is the result of opioid toxicity, and supportive care to restore ventilation and oxygenation is the cornerstone of patient management. The conventional management of respiratory depression in most poisoned patients is to perform endotracheal intubation and provide ventilatory support. In contrast, respiratory depression in the patient with opioid toxicity can be treated with the competitive m-opioid receptor antagonist naloxone. 42 Unless the patient has a traumatic brain injury, has prolonged hypoxia, or has used an additional substance or substances that produce central nervous system or respiratory depression, naloxone will reverse the adverse effects of opioids. Therefore, intubation is unnecessary in most patients experiencing opioid intoxication. Naloxone is generally administered intravenously. Opioid-dependent individuals who abuse substances intravenously may have inadequate vascular access; naloxone is effective via any parenteral route (intramuscular, subcutaneous, or sublingual), through an endotracheal tube, intranasally, or by nebulization. 42, [80] [81] [82] [83] [84] While naloxone can rapidly reverse the symptoms of opioid toxicity, its administration can precipitate acute opioid withdrawal. Opioid withdrawal is unlikely to be lifethreatening. However, it is extremely uncomfortable for the patient, who may become agitated and combative. In the emergency department setting, naloxone should be administered intravenously at the smallest effective dose and then adjusted accordingly to reverse respiratory depression. The initial adult i.v. dose is 0.04 mg and can be followed (if necessary) by progressively larger doses every 2-3 minutes until opioid toxicity is reversed 42, 85 ; some clinicians advocate adjusting the dose by 0.04-mg increments to prevent withdrawal. 85 The half-life of naloxone is approximately 30 minutes, whereas the half-life of most opioids exceeds that notably, necessitating the continued administration of naloxone to prevent recurrent respiratory depression; this is often accomplished through the use of a naloxone infusion. Patients who receive naloxone must not be discharged until several hours have passed since the last naloxone dose in order to ensure that opioid toxicity is no longer a risk. In the prehospital setting, it may be difficult for emergency medical providers and companions of opioid users to administer naloxone parenterally. The administration of intranasal naloxone has been determined to be as effective as parenteral administration, and this intervention has been implemented in many cities worldwide. [81] [82] [83] [84] Additionally, in early 2014 FDA approved a naloxone delivery system that enables subcutaneous or intramuscular naloxone administration by individuals who are not health professionals. 86 The apparatus is technically similar to the automatic defibrillators that are located in public venues. When activated, it provides the person who is administering the naloxone with verbal instructions on the use of the drug. The device delivers 0.4 mg of naloxone per dose.
Opioids may be taken by any route (e.g., orally, intravenously, via nasal insufflation); therefore, gastrointestinal decontamination may not be indicated or effective. If the opioid was ingested, the only gastrointestinal decontamination that may be effective is the administration of an aqueous slurry of activated charcoal within two hours of the ingestion 87 ; gastric lavage, emesis, and cathartics have no role in these cases. The clinician must recognize that coingestants (e.g., acetaminophen) or illicit drugs (e.g., cocaine) may have been used and that the patient may require additional treatment to prevent or reverse the effects of these agents.
With some overdoses, such as those involving acetaminophen, laboratory testing is diagnostic and determines the appropriate therapeutic interventions (e.g., acetylcysteine administration). However, laboratory testing has limited value in the treatment of the patient with opioid toxicity. 88 Most initial laboratory toxicology screens focus on analyzing a urine specimen, which provides only qualitative evidence of exposure to opioids with a phenanthrene ring (e.g., morphine). The semisynthetic (e.g., hydrocodone) and synthetic (e.g., fentanyl) opioids may be detected only at higher concentrations (as with hydrocodone) or not at all (as with fentanyl) with the conventional assays that are utilized by most hospitals. 88 In a patient with 
Legal implications
As a result of the increases in opioid-related deaths, over the last two years the Drug Enforcement Administration (DEA) has become much more aggressive in its enforcement of the Controlled Substances Act (CSA) with respect to prescription drug wholesalers, physicians, pharmacists, and pharmacies that distribute, prescribe, and dispense controlled substances. Historically, DEA focused its enforcement actions on independent community pharmacies more than retail chain or hospital pharmacies, but in 2012 that focus expanded to include legal actions against large chain pharmacies, long-term care pharmacies, and prescription drug wholesalers.
A brief review of some of the prosecutions undertaken by DEA and a state government in 2012 and 2013, as well as the resulting court actions (summarized in news releases available from the U.S. Department of Justice website [www.justice.gov/dea/ pr/news.shtml]), is illustrative of the current practice environment: Health-system pharmacists are subject to the same level of DEA scrutiny as retail pharmacists and have similar responsibilities in relation to controlled substances.
Numerous health systems operate outpatient and retail pharmacies, and hospitals have risks associated with employee theft, loss or destruction of controlled substances, recordkeeping issues, and documentation of a legitimate medical need for the use of opioids.
The diversion of opioids and other controlled substances from hospital pharmacies may result from improper actions by employees. 89 Hospitals, like many other employers, are subject to the risk that some employees will steal merchandise. In addition, hospital pharmacies are at risk for diversion related to the use of prefilled syringes or single-use vials of controlled substances when the prescriber orders a dose that is less than the total contents of the syringe or vial. If the syringe or vial contains 100 mg of an opioid but the prescribed dose is 75 mg, the disposal of the remaining 25 mg can become a diversion risk. As an example, a nurse could carry an empty sterile vial in a pocket and, instead of destroying the excess drug, inject it into the vial; this pattern could be repeated several times throughout the shift, and by the time the nurse left the hospital at the end of the day, he could have diverted a substantial quantity of a controlled substance that was extremely difficult to trace. In this case, the hospital could not identify or demonstrate a shortage from the patient records. A director of pharmacy must be vigilant to these risks and establish and consistently apply policies and procedures that will minimize the risk of employee theft or diversion of controlled substances.
The final area for legal consideration is the actual use of controlled substances in the health-system environment for inpatients and outpatients. Health-system pharmacists must be familiar with DEA regulations controlling the use of opioids in the inpatient setting. Hospitals have the same legal duty as retail pharmacies to ensure that controlled substances are ordered for Am J Health-Syst Pharm-Vol 71 a legitimate medical purpose. The definition of legitimacy is subject to change, however, as evidenced by the September 2013 change in the FDA labeling standards for long-acting and extended-release opioid analgesics. 90 The new labeling indicates that these drugs should only be used for pain severe enough to require daily, around-the-clock, long-term opioid treatment and for which alternative options are inadequate.
This issue of appropriate opioid therapy may appear to be less of a problem in the hospital environment than in the retail sector, but healthsystem pharmacists must remain vigilant for questionable orders or prescriptions. As individuals who abuse drugs find it more difficult to obtain opioids from retail pharmacies, they may turn to emergency departments and outpatient pharmacies to obtain these medications. Further, health-system pharmacists must also remember that all orders, prescriptions, and prescription labels must be complete and accurate, as mandated by DEA regulations. Policies should be in place to ensure that these record-keeping requirements are met.
In addition to ensuring that opioids are being ordered for a legitimate medical purpose and that proper record-keeping and labeling procedures are followed, healthsystem pharmacists must understand the restrictions on using opioids for maintenance or detoxification of patients who are drug addicted. The basic rule is that only an opioid treatment program registered with DEA is permitted to use an opioid drug to maintain or detoxify an opioid-addicted individual; the one exception is if a buprenorphine product is ordered by a specially certified prescriber. However, there is a critical exception in the DEA regulations pertaining to hospitalized patients: Provisions of 21 C.F.R., section 1306.07(c), stipulate that the hospital staff is permitted to provide opioid maintenance or detoxification therapy to a patient as an incidental adjunct to medical or surgical treatment of conditions other than addiction, thereby allowing a hospitalized addicted person to avoid the risk of withdrawal while being treated for some other condition. It is even possible to withdraw the patient from the opioid addiction if the withdrawal is accomplished during legitimate treatment for some other medical or surgical condition. The other important exception found in section 1306.07(c) is that hospital staff may administer or dispense opioids to an addicted patient with intractable pain for whom no relief or cure is possible or none has been found after reasonable efforts. As an example, this provision protects health-system pharmacists treating a patient with cancer (as either an inpatient or an outpatient) who has become addicted to opioids.
Prescription drug monitoring programs
Prescription drug monitoring programs (PDMPs) are electronic databases created and overseen at the state level to collect data on opioids and other controlled substances as well as noncontrolled drugs with potential for abuse. PDMPs are currently active in 47 states. 91 New Hampshire and Maryland are in the process of implementing systems, and the District of Columbia has pending legislation. Missouri is the only state without a PDMP and no pending legislation. The goals of individual PDMPs vary from state to state, but in general these programs are designed to (1) monitor prescribing and dispensing to individual patients, thereby providing treatment history information to the health professionals responsible for a patient's care, (2) provide information to parties, including law enforcement, for the identification and deterrence of prescription drug abuse and diversion, (3) provide information to practitioners and third parties for the identification of individuals at risk for addiction to a controlled substance, and (4) provide information to researchers and public health officials for identification of druguse trends and public health needs. 92 Because PDMP laws flow from state legislatures and the rules and regulations are determined by the executive body identified in each state's statutes, each state has determined its own laws, regulations, rules for implementation, and program structure. There is state-to-state variation in terms of which agency houses the program (e.g., department of public health, office of attorney general, board of pharmacy), which controlled substances are monitored (e.g., Schedule II only, Schedules II-V, other drugs), how often pharmacy reporting is required (e.g., weekly, biweekly, monthly), and who can query the database (e.g., prescribers, pharmacists, law enforcement). 93 Another key factor differing among states is whether the system is proactive or reactive. In proactive systems, information is delivered to prescribers or dispensers when certain prescribing or dispensing thresholds are met by a patient under their care. Reactive systems query available information, but the system is utilized only at the discretion of the prescriber or dispenser. 93 Finally, states differ in requirements for prescribers or pharmacists to utilize the PDMP. Currently, 16 states require mandatory PDMP use when various conditions are met before certain controlled substances can be prescribed. 93 The effectiveness of PDMPs in accomplishing the goals listed above has not been investigated thoroughly. Research that has been conducted in this field has generally examined either the effect programs have on opioid-related outcomes (e.g., hospital admissions, mortality) or the ability of the program to influence behaviors associated with abuse and misuse of opioids.
There are conflicting findings regarding the ability of PDMPs to reduce mortality related to opioid abuse. A 2011 study of opioid overdose deaths in 19 states found that PDMP status was not associated with decreased drug overdose or opioidrelated mortality. 94 However, new data from the RADARS (Researched Abuse, Diversion and AddictionRelated Surveillance) System's Poison Center Program and Opioid Treatment Program surveillance databases show an association between the presence of a PDMP and a decrease in the number of poison center interventions as well as a decrease in admissions for opioid overdose. 95 One weakness in this area of research thus far has been the treatment of PDMP presence as a dichotomous variable. Because of the varying structures of these programs, their effectiveness is likely to vary from state to state; this is especially true when comparing reactive and proactive programs.
While the effectiveness of PDMPs at reducing poor outcomes associated with opioids has not been shown definitively, the ability of these programs to influence the behavior of prescribers, pharmacists, and patients is well established. Studies using survey methods have shown that providers who utilize PDMP reports are likely to change their prescribing practices in response to the new information. These studies have taken place in a variety of settings (e.g., primary care, 96 emergency department, 97 substance abuse treatment programs 98 ) and in several distinct geographic locations. [99] [100] [101] While studies of pharmacists are more limited, pharmacists' attitudes toward PDMPs have been positive, with their primary use of the programs being to help reduce doctor shopping. 102 One of the most straightforward uses of PDMPs is altering this aberrant patient behavior by providing a coordinated and convenient source of controlled substance use information to prescribers, pharmacists, and law enforcement. One study showed that PDMP implementation reduced the time necessary to conduct investigations into possible doctor shopping from 156 to 16 days. 101 CDC and the Office of National Drug Control Policy have identified PDMPs as important strategies in the response to the opioid abuse and misuse epidemic. 103 The continued expansion of PDMPs to cover all 50 states and the District of Columbia is a good first step in implementing this strategy; however, looking beyond this, the National Alliance for Model State Drug Laws and the National Safety Council have recommended PDMP best practices for states to consider. 104 Interstate data sharing, the expansion of authorized users (including allowing delegate access), and the determination of compulsory-use requirements by professional licensing boards are key components of these recommendations. 104 As the expansion of PDMPs across the nation continues, utilization of the growing body of evidence relating to these programs to identify and implement program improvements will be important. Implementing evidence-based policy changes to increase PDMP effectiveness at achieving the various program goals described above will ensure greater utility for all stakeholders in the future.
Implications for medication-use policy in health systems
Opioids are included on the Institute for Safe Medication Practices list of high-alert medications (i.e., agents associated with a high risk of patient harm when used inappropriately) and require heightened oversight in hospitals and health systems. 105 Institutional policies, beyond federal and state legal requirements, further direct appropriate use and monitoring of opioids and promote standardized practices to prevent and identify diversion. Clinical policies can address appropriate treatment of severe pain with opioid medications, which requires ongoing assessment and reassessment of analgesia, activities of daily living, adverse effects, and aberrant behavior along with appropriate documentation. Operational policies outline procedures to ensure proper control and accountability and prevent diversion.
Consistent practice for appropriate screening, assessment, and prescribing for pain can be directed through computerized prescriber order entry (CPOE), clinical decision support (CDS), pharmacy and therapeutics committee-approved guidelines, and formulary restrictions. Printed or computerized order sets should include best practices and standardize prescribing of appropriate doses, patient-controlled analgesia, epidural opioid infusions, procedure-specific dosing protocols, and monitoring. Discharge and ambulatory care order sets or protocols can be utilized to ensure consistent discharge analgesia regimens and minimize the amount of opioid dispensed after routine outpatient procedures or minor surgeries. If the prescriber concludes that opioids are required, a standard minimal number of doses for each procedure can be designated (e.g., 5-10 doses) instead of an ample supply to cover any and all pain. By minimizing the amounts of opioids that are prescribed routinely but are not used by patients, the amounts of opioids available in the community for misuse and abuse can be reduced.
Prescribers can receive additional direction through best-practice alerts or red flags built into CPOE and CDS systems regarding dose limits and the risks of respiratory depression or misuse. Safe prescribing through formulary restrictions and guidelines further minimizes risk and liability from high-harm opioids such as meperidine and codeine. Due to the risk of neurotoxicity, meperidine is not recommended for pain treatment and should be removed from the formulary or restricted to treatment of rigors. 106, 107 Codeine use should also be limited due to the drug's unpredictable analgesia arising from a genetic polymorphism and a recent FDA boxed warning on its use in children after tonsillectomy or adenoidectomy. 108, 109 Some emergency departments restrict the prescribing of opioids by limiting quantities to a small amount for the short-term treatment of acute pain and restricting treatment of patients with chronic pain. 110, 111 In some emergency departments, patients with chronic pain are treated with nonopioid analgesics and then referred for follow-up care. In conjunction with these policies, emergency physicians do not replace lost or stolen opioids, and signage in the emergency department delineates the policy clearly. These policies and practices are most effective if coordinated within a geographic area.
Management of opioid-dependent chronic pain can be challenging due to common comorbidities of depression, anxiety, and addiction. 112, 113 Development of institutional guidelines or protocols can provide a consistent and safe method of initiating and monitoring therapy for these patients. 114, 115 Along with a thorough history and physical examination, chronic pain management plans should include universal screening for illicit drug use and addictive disorders prior to initiation of treatment. One exception is the patient with limited life expectancy. Screening may include the urine drug screen, review of public records for prior convictions, and evaluation of state PDMPs. Similarly, as discussed in Appendix B, a pain management agreement plan (PMAP), or "opioid contract," should be constructed for most patients. The intent of the PMAP is to provide full disclosure of the risks and benefits of opioid therapy and institutional policies with regard to ongoing regular pain assessment, random urine drug screening, and the use of a single opioid prescriber group and pharmacy. In addition, the PMAP addresses consequences of missed appointments, aberrancies in urine drug tests, and illegal actions related to substance abuse. Violation of a PMAP may require the placement of limits on a patient's opioid supply, more frequent clinic appointments and urine drug screening, selection of therapy with a lower street value, or referral to a substance abuse specialist. In addition to these measures, some facilities require more frequent monitoring and documentation of therapeutic benefit for patients receiving opioid doses over a target threshold (e.g., greater than 120 mg of oral morphine equivalents per day) to identify potentially inappropriate use and minimize harmful consequences associated with high opioid doses. 116 The pharmacist's role in opioid therapy and developing guidelines, policies, and patient education to promote safe practices is paramount in both the inpatient and ambulatory care settings. 117 In addition to their important legal responsibilities to ensure appropriate prescribing and dispensing, ambulatory care pharmacists should further define organizational practices for consistent dispensing of opioids. For example, pharmacies could require a check of the state PDMP prior to the dispensing of opioids to new or unfamiliar patients, especially those residing a long distance from the pharmacy, along with a government-issued identification for picking up opioid prescriptions. Other standards might include criteria for contacting prescribers and law enforcement officials regarding potentially forged or altered prescriptions, frequent requests for early prescription refills, and unusual patient behavior. A standard documentation process for the steps required for prescription validation should be implemented as well. Despite their best efforts to identify inappropriate prescriptions, pharmacists may face the challenge of opioid prescriptions written by valid prescribers for large quantities of opioids with questionable indications (sometimes referred to as "pill-mill" operations) but with insufficient information to validate a patient-prescriber relationship. One pharmacy chain limited the dispensing of inappropriate prescriptions by identifying prescribers writing for larger quantities of high-risk medications more frequently than others within the same specialty and geographic area. 118 Pharmacists from these facilities stopped filling prescriptions if the prescribers were unable or unwilling to justify their practice of prescribing high volumes of high-risk medications. As discussed above, the absence of these types of measures can place healthsystem pharmacies and pharmacists in legal jeopardy.
Education of healthcare staff, as well as patients, on appropriate treatment of pain, including nondrug and nonopioid therapy, and the risk of opioid diversion is recommended to minimize opioid abuse. 116, 117 Pharmacists can be instrumental in developing educational content for their institution, patients, and the public. Medication counseling during dispensing provides the perfect opportunity to counsel patients to lock up opioids, never share medications with others, and appropriately dispose of unused medications.
Prevention of opioid diversion within the healthcare system occurs through implementation of comprehensive policies accounting for opioids from the point of ordering to administration to the patient. 119 The numbers of personnel responsible for ordering, receiving, and taking inventory of controlled substances should be limited, and those responsibilities should be rotated. Preemployment criminal background checks and urine drug screening should be considered for employees with these direct responsibilities. Technology and automated dispensing devices further facilitate tracking and documentation of opioids and generate utilization reports. One vulnerable step in the process is opioid waste disposal. 120 A "second-witness" policy (i.e., a requirement that not just one but two coworkers be present during the disposal of drug waste), with appropriate documentation, Am J Health-Syst Pharm-Vol 71 should be required for all instances of waste disposal at the point of patient care as well as in the pharmacy. Also, pharmacy policy must reinforce actual witnessing, as opposed to "virtual witnessing," which occurs when a coworker attests to but does not actually visualize the disposal of waste. Reconciliation of the number of opioid medication doses administered in the operating room with the amount disposed as waste is one method of oversight to prevent the diversion of anesthesia agents. Routine surveillance along with timely and thorough investigation of diversion reports is also required. Random audits by independent personnel not responsible for opioid tracking or documenting opioid use should be conducted to help ensure appropriate ordering, stocking, dispensing, disposal, and returns of controlled substances. All staff can conduct informal surveillance if educated on the risk of diversion and provided a means of anonymous reporting. 120 Any report on questionable behavior or discrepancies must be investigated fully. Some institutions utilize a formal controlled substance diversion team consisting of experts from multiple disciplines to further investigate aberrancies. 120 Despite the web of policy for prescribing, dispensing, and tracking opioids throughout a facility, addicts and those diverting opioids for financial profit are innovative and willing to take risks. Policies, procedures, and guidelines require ongoing review and updating. Healthcare practitioners must be vigilant and collaborate to ensure appropriate treatment of pain while minimizing misuse and abuse.
Opioid misuse and abuse have reached epidemic proportions in the United States, and there has been an increase in associated morbidity and mortality. Pharmacists in hospitals and health systems must play a key leadership role in preventing diversion and inappropriate prescribing and dispensing of opioids. In order to most effectively develop health system-based medication-use policies that aim at reducing the misuse and abuse of opioids, it is imperative that health-system pharmacists understand the appropriate role of opioids in the treatment of pain, the epidemiology of the opioid abuse epidemic and the clinical toxicology of these agents, legal implications for individual pharmacists and departments of pharmacy, and state-level monitoring programs that can be incorporated into prescribing, dispensing, and monitoring processes.
Conclusion
Pharmacists in hospitals and health systems can play a key role in recognizing the various forms of opioid toxicity and in preventing inappropriate prescribing and diversion of opioids.
Patient selection and risk stratification. Before beginning opioid therapy, clinicians should conduct a history and a physical examination and collect other information as appropriate, including a risk assessment for opioid use.
Chronic opioid therapy should be started only when the perceived benefit outweighs any real or potential risk.
Informed consent and opioid management plans. When starting opioid therapy, the risks and benefits of therapy should be explicitly discussed with the patient. The patient needs to have a clear understanding of the goals of therapy, probable outcomes, and alternatives to chronic opioid therapy. For many if not most chronic noncancer pain conditions, nonpharmacologic therapies (e.g., physical, cognitive behavioral) and nonopioid therapies (e.g., adjuvant analgesics) are critically important to the overall success of the therapeutic plan, and patients must be willing to attempt a trial of these interventions in addition to opioid therapy.
Initiation and titration of chronic opioid therapy. The initiation of opioid therapy should be considered a short-term therapeutic trial, with frequent assessment of whether or not the goal is achieved. It is critically important that practitioners set realistic therapeutic goals in treating chronic noncancer pain, which include not only a reduction in pain severity but demonstrated improvement in functioning. Selection of a specific opioid to treat chronic noncancer pain is also a patient-specific decision based on patient-and drug-related variables. Patientrelated variables include considerations such as renal and hepatic functions, body habitus (for transdermal opioids), ability to swallow tablets or capsules, history of responsiveness to opioids in the past (positive and negative), and history of opioid allergy or intolerance, among others. The six opioids recommended for the management of chronic severe pain in the elderly by an international expert panel are buprenorphine, fentanyl, hydromorphone, methadone, morphine, and oxycodone.
Methadone. Methadone is an opioid with complicated and variable pharmacokinetic and pharmacodynamic parameters. Clinicians who choose to use methadone for chronic opioid therapy must become expert in the use of this agent. This includes a keen understanding of whether or not a patient is an appropriate candidate for methadone after performing a careful risk assessment, including a cardiac assessment; dosing strategies for both opioid-naive and opioid-tolerant patients; and how to monitor a patient receiving methadone. Methadone has a very long and variable half-life; therefore, starting doses should be conservative, patients should be monitored closely, and doses should not be adjusted before four to seven days.
Monitoring. Patients receiving chronic opioid therapy must be regularly monitored to ensure progress is being made toward achieving therapeutic goals, adherence to the prescribed therapy, and avoidance of adverse effects. Efforts (e.g., urine drug screening) to ensure the prescribed opioid is not being abused or diverted may be part of the monitoring plan.
High-risk patients. Patients with a concurrent history of drug abuse, psychiatric issues, or aberrant drug-related behaviors should only receive chronic opioid therapy if the clinician is able to implement more stringent and frequent monitoring. In difficult cases, patients may benefit from referral to an appropriate healthcare provider.
Dose escalations, high-dose opioid therapy, opioid rotation, and indications for discontinuation of therapy. When repeated dosage escalations have occurred or the patient experiences adverse effects from opioid therapy, the clinician should reevaluate the benefits and burdens of therapy. Patients may require tapering and discontinuation of opioid therapy or conversion to a different opioid.
Opioid-related adverse effects. Practitioners should be knowledgeable of opioid-related adverse effects and prevent, identify, and manage such adverse effects as they occur.
Use of psychotherapeutic cointerventions. Psychotherapeutic interventions, functional restoration, interdisciplinary therapy, and nonopioid therapies should routinely be integrated into the patient's plan of care.
Driving and work safety. Patients should be counseled about the risks of driving and work safety while taking opioids and counseled about avoiding unsafe behaviors.
Identifying a medical home and when to obtain consultation. If the patient's primary care provider is not prescribing the chronic opioid therapy, there should be close communication between this provider and other prescribers. Patients with chronic pain often benefit from interdisciplinary pain management.
Breakthrough pain. Patients with persistent pain that requires around-the-clock opioid therapy should be evaluated for a trial of "as-needed" opioid therapy after considering the risks and benefits of such an intervention.
Opioids in pregnancy. Women of childbearing age should be counseled about the risks and benefits of chronic opioid therapy during pregnancy and after delivery. The use of opioids during pregnancy is not encouraged, and risks to the patient and newborn must be considered and dealt with.
Opioid policies. Practitioners need to be aware of state and federal laws and guidelines as they pertain to chronic opioid therapy. Opioids are an effective tool in the management of acute and chronic pain, but as with all pharmacotherapeutic interventions, risks and benefits must be assessed before and during therapy to ensure safe and effective outcomes for patients.
